Objectives. We evaluated whether cumulative exposure to job strain increases blood pressure.
Effects of Job Strain on
High blood pressure is a major risk factor for cardiovascular disease. [1] [2] [3] [4] Several factors such as age, obesity, [5] [6] [7] sedentary behavior, 6, 8, 9 alcohol consumption, 6, 8 and salt intake 8, 10, 11 may contribute to the development of high blood pressure. Epidemiological studies have shown that psychosocial factors (including workplace psychosocial factors) may contribute to high blood pressure. [12] [13] [14] [15] [16] Most studies examining the association between workplace psychosocial factors and blood pressure have been based on the job strain model developed by Karasek, 17 in which adverse workplace psychosocial factors are defined as a combination of high psychological demands and low decision latitude. Lack of social support in the workplace could further increase the effects of job strain. 18, 19 Studies assessing the impact of job strain on blood pressure have involved several limitations and have generated different results. Some cross-sectional studies using casual blood pressure measurements (i.e., a small number of measurements taken at rest) [20] [21] [22] [23] and most cross-sectional studies assessing ambulatory blood pressure 19, [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] have reported significant associations between job strain and blood pressure. However, cross-sectional designs may be biased by selection effects 34 and do not allow evaluation of the temporal relation between exposure and outcome or the impact of cumulative exposure. To our knowledge, 4 prospective studies have evaluated the effects of cumulative exposure to job strain on blood pressure in normotensive individuals, and these studies have produced mixed results. Chapman et al. 35 and Fauvel et al. 36 found no effect on blood pressure over 5 years of cumulative exposure. Schnall et al. found that systolic and diastolic blood pressure levels were 5.7 and 4.4 mm Hg higher, respectively, among workers with 3 years of cumulative exposure to job strain than among workers who had never been exposed. 29 Moreover, higher blood pressure was found among men who had been employed for 25 years or more and who had been exposed to job strain for 50% of their working life than among men without past exposure to job strain. 37 Recently, Markovitz et al. 38 reported that changes in psychological demands and decision latitude ratios affected systolic blood pressure. Limitations of these studies relate to low (40% 35 ) or unknown 38 participation rates, high rates of loss to follow-up (25%, 35 31.5%, 29 and 38% 38 ), inclusion of exclusively male participants, 29 and use of casual blood pressure measurements. 35, 38 We prospectively evaluated whether cumulative exposure to job strain significantly increased blood pressure levels over a 7.5-year period among men and women employed in white-collar occupations. In addition, we evaluated the potential modifying effects of social support in the workplace.
METHODS Study Design and Population
The study population involved white-collar workers aged 18 to 65 years old employed by 22 public organizations in Quebec City. Their jobs encompassed the full range of white-collar occupations (manual workers were excluded 39 ), including senior management (10.4%), professional (35.5%), technical (20.8%), and office (30.6%) workers. Education levels ranged from no high-school diploma to university degree. The study design and population have been described elsewhere. 40 Briefly, between 1991 and 1993, 9189 workers, 75% of the target population, participated in a prospective study intended to evaluate the effects of job strain on blood pressure and cardiovascular disease. All invited participants who were working 20 hours per week or less (0.8%), who were pregnant (1.5%), or who had cardiovascular disease, including treated hypertension (5.2%), were excluded from the study. Of the 8395  RESEARCH AND PRACTICE  participants, 7.7% refused to take part at follow-up, and 2.3% were lost to follow-up. Between January 1999 and June 2003, 89% workers were rescreened. Exclusions were also made at follow-up; namely, 1.2% of the participants had died, 3.0% had been treated for hypertension detected at baseline, and 0.7% were pregnant. Finally, workers with more than 2 missing answers related to psychological demands or decision latitude at baseline (0.9%) or at follow-up (1.2%) and those missing blood pressure measurements (5.0%) were excluded from the analyses. Thus, data were available for 6719 participants.
Data Collection and Variables
At baseline and follow-up, workers completed a self-administered questionnaire focusing on demographic characteristics, risk factors for hypertension and cardiovascular disease (smoking, low level of physical activity, high cholesterol, diabetes), family history of cardiovascular disease or hypertension, and characteristics of work and social life. At the worksite (with the exception of those not working at follow-up who were seen at a research clinic), trained nurses measured blood pressure, weight, height, and waist circumference using validated protocols. 41, 42 In accordance with the American Heart Association protocol, 41 workers' blood pressure was measured at rest after they had been sitting for 5 minutes. The averages of 2 blood pressure measurements taken at baseline and 3 taken at follow-up, 1 to 2 minutes apart, were used as baseline and follow-up blood pressure levels. Two outcome variables were created separately for systolic and diastolic blood pressure. The first was mean follow-up blood pressure. Workers treated for hypertension at follow-up were excluded from these analyses because their blood pressure level value had been lowered via medication. The second was a dichotomous variable identifying workers with mean blood pressure increases in the highest quintile of the sample. This variable allowed inclusion of workers treated for hypertension, who were assigned to the highest quintile group. We measured both components of Karasek's job strain model at baseline and follow-up using 18 items from the Job Content Questionnaire. 43 We computed psychological demands and decision latitude scores using algorithms recommended by Karasek. In the case of workers with missing data on 2 or fewer items on a given scale, we imputed an average score based on their answered items. This score was applied to 131 and 86 workers for psychological demands and decision latitude, respectively, at baseline and to 81 and 50 workers, respectively, at follow-up. Workers with missing data on more than 2 items were considered as having incomplete data.
At both baseline and follow-up, we used the quadrant method to assess exposure. Workers with psychological demands scores of 24 or higher (the median for the general Quebec working population) were classified as having high psychological demands, and others were categorized as having low psychological demands. 49 Workers with decision latitude scores of 72 or lower (again, the median for the general Quebec working population) were classified as having low decision latitude; the remainder were classified as having high decision latitude. 49 The exposed group comprised workers with high psychological demands and low decision latitude; the active group comprised workers with high psychological demands and high decision latitude; and the passive group comprised workers with low psychological demands and low decision latitude. Other workers were classified as unexposed. Workers who were unemployed or retired at followup (n = 866) were considered unexposed at follow-up. Cumulative exposure to job strain was assessed according to exposure observed at baseline and follow-up: exposed at both baseline and follow-up, became exposed during follow-up (exposed only at follow-up), exposure ceased during follow-up (exposed only at baseline), and active, passive, or unexposed at both baseline and follow-up (never exposed; reference group).
Several factors were considered as potential confounders, including the demographic variables age, marital status, and education (highest level completed). Family responsibilities were assessed according to the number of children living with the worker. 50 Overweight was defined as a body mass index (weight in kilograms divided by height in meters squared) of 25 or above. 51 Waist circumference was measured in centimeters. We defined abdominal obesity as waist circumferences above 102 cm in men and 89 cm in women. 51 Smokers were defined as those smoking 1 or more cigarettes per day. 50 Alcohol consumption, measured according to average number of alcoholic drinks consumed per week in the preceding 12 months (1 drink = 1 glass of beer or wine or 1 oz [30 mL] of liquor), was categorized as either alcohol abuse (more than 20 drinks consumed per week) or nonabuse. 50 We defined sedentary behavior as having engaged in physical exercise less than once per week during the previous 6 months. 50 One exercise session was categorized as 20 minutes or more of rigorous recreational physical activity. Results were similar when sedentary behavior was defined as engaging in physical exercise fewer than 3 times per week during the previous 6 months. Cumulative exposure to these potential confounders over the 7.5-year study period was taken into account. Other factors assessed were family history of health problems (cardiovascular disease or high blood pressure) and personality profile (evaluated in terms of hostility, 52 cynicism, 52 and anger 53 ). We measured social support at work at follow-up using 6 items related to supervisor support and 5 related to coworker support. 43 
Analyses
All analyses were conducted separately for systolic and diastolic blood pressure and for men and women. 54 Student t tests and χ 2 analyses were used to compare baseline characteristics among included and excluded workers. We estimated mean follow-up blood pressure values for each job strain group using analyses of covariance adjusting for baseline blood pressure values. 55 When we conducted analyses that instead focused on blood pressure change between baseline and follow-up, the results were identical to those described here. We estimated risk ratios (RRs) for blood pressure increases in the highest quintile for each job strain group using binomial regression analysis adjusting for baseline blood pressure values. 56 These analyses were also used to assess confounding. A variable was considered to be a confounder if its introduction into a model resulted in a change in effect of more than 10%. The level of statistical significance was set at .05.
The modifying effects of social support at work, age (younger than 45 years vs 45 years or older), and highest completed education level (college or less vs university) were evaluated through stratified analyses. These effects were also evaluated through the statistical significance (P < .10) of interactions obtained from analyses of covariance. A complementary analysis compared the effect of job strain on blood pressure with that of known blood pressure risk factors. Body mass index and waist circumference yielded similar results. The effects of alcohol abuse could not be evaluated because fewer than 2% of the workers abused alcohol. SAS statistical software 57 was used in conducting all of the analyses. Table 1 summarizes the baseline characteristics of the men and women included in the analyses in comparison with those excluded for technical reasons (incomplete data for job strain or blood pressure, refused to participate, lost to follow-up). The group of excluded men and women had higher baseline blood pressure levels than those who took part, and more of these individuals were smokers and were overweight. The group of excluded women was less educated than the group of included women. However, excluded and included workers were comparable in terms of job strain exposure, social support at work, and seniority at work.
RESULTS
The mean age of the men included in the analyses was 41.0 years (SD = 8. The mean and median follow-up period was 7.5 years (SD = 1.1). Mean follow-up systolic and diastolic blood pressure values were 124.2 (SD = 13.3) and 79.8 (SD = 9.0) for men and 114.6 (SD = 13.6) and 73.6 (SD = 8.9) for women. Workers assigned to the highest quintile group, representing 22% of the participants overall, showed an average 7.5-year blood pressure increase of more than 12.0/10.5 mm Hg. Table 2 presents mean blood pressure values at follow-up, adjusted for baseline values, for never-exposed workers and the increments observed for other cumulative job strain categories. Compared with never-exposed men, those with exposure to cumulative job strain Note. CI = confidence interval. Adjusted models included the following covariates: age, body mass index, social support at work, living with a child, number of years working for the organization, and baseline systolic or diastolic blood pressure values. a Statistically significant difference (P < .05) compared with never-exposed group according to F and t statistics obtained from analysis of covariance. b Statistically significant risk ratio (P < .05) compared with never-exposed group according to overall χ 2 statistic obtained from binomial regression analysis.
Risk ratio for blood pressure increase in highest quintile
showed a significant increment of 1.8 mm Hg (95% confidence interval [CI] = 0.1, 3.5) in systolic blood pressure level. Men exposed at follow-up only showed a significant increment in systolic blood pressure of similar magnitude. No significant effect was observed among men exposed at baseline only or among women. The effect of cumulative job strain was smaller and not significant for diastolic blood pressure. Table 2 also shows the risk ratio for blood pressure increases in the highest quintile for each cumulative job strain category. Similar effects were observed: men with exposure to cumulative job strain or exposure at follow-up only had significant blood pressure increase risk ratios of 1.33 (95% CI = 1.01, 1.76) and 1.40 (95% CI = 1.14, 1.73).
Social support at work had a significant modifying effect on systolic blood pressure among men (P = .07). Stratified analyses also revealed consistent modifying effects among women. For the 1583 men at low social support levels, the effect associated with cumulative exposure was 2.1 mm Hg (95% CI = 0.0, 4.1), with a risk ratio of 1.47 (95% CI = 1.08, 2.00). Among the 1588 women with low levels of social support, the increment was 1.3 mm Hg (95% CI = −0.4, 2.9), with a risk ratio of 1.29 (95% CI = 0.99, 1.68). Exposure at follow-up only yielded effects of similar magnitude across all groups of men and women at low social support levels. Men and women at high social support levels showed no job strain effect, men with a blood pressure increment of 1.0 mm Hg (95% CI = −2.3, 4.3) and a risk ratio of 0.99 (95% CI = 0.50, 1.93) and women with a blood pressure increment of −0.8 mm Hg (95% CI = −3.1, 1.5) and a risk ratio of 0.97 (95% CI = 0.66, 1.42).
To verify the effects of known blood pressure risk factors and to compare them with job strain effects, we measured the blood pressure effects associated with age, sedentary behavior, and overweight. Among men, the increment of 1.8 mm Hg associated with job strain tended to be similar in magnitude to the increments associated with sedentary behavior (0.8; 95% CI = −0.1, 1.8) and with each 10-year increase in age (0.9; 95% CI = 0.0, 1.8) but lower than the increments associated with being overweight (4.1; 95% CI = 3.4, 4.9). Similarly, Figure 1 shows that the effect of exposure to job strain on blood pressure increases in the highest quintile of men (1.33; 95% CI = 1.01, 1.76) tended to be similar to that of sedentary behavior (RR = 1.13; 95% CI = 0.96, 1.33) or being 10 years older (RR = 1.29; 95% CI = 1.05, 1.58) and smaller than that of being overweight (1.69; 95% CI = 1.44, 1.97). Among women, the effect of job strain on blood pressure was smaller than that of these known blood pressure risk factors (data not shown).
DISCUSSION
In this study of white-collar workers, cumulative exposure to job strain led to significant increases in systolic blood pressure among men. Men who became exposed during follow-up showed similar increases. Effects tended to be more pronounced among men and women with low levels of social support at work.
Four prospective studies, all involving normotensive workers, have evaluated the effects of cumulative job strain on blood pressure. Fauvel et al. 36 found no difference in 5-year follow-up systolic or diastolic ambulatory blood pressure, unadjusted for baseline blood pressure, between workers with cumulative exposure to job strain and those with no exposure. This study was limited by its small sample size (n = 158) and the fact that only 54% of the participants were evaluated at follow-up. Thus, it is likely that the study
Note. The models included the following covariates: age, body mass index, social support at work, living with a child, number of years working for the organization, and baseline systolic blood pressure value. Known high blood pressure risk factors were also controlled for job strain. *P < .05 compared with > 35 years of age and never exposed. lacked the necessary power to detect effects of job strain on blood pressure. Chapman et al. 35 showed no effects of cumulative job strain on casual blood pressure over 5 years among 2634 workers. This difference could have resulted from the use of proxies of Karasek's questions, different measurements of cumulative job strain, use of casual blood pressure measurements, and the fact that only 40% of the target population was represented. Markovitz et al. 38 reported that changes in psychological demands/decision latitude ratios had an effect on casual systolic blood pressure. However, no effect of cumulative job strain on hypertension incidence was found, possibly as a result of the minor overall incidence of hypertension in the sample (2.75%), the measurement of casual blood pressure, and the young study population (18 to 30 years at baseline). 38 Finally, Schnall et al. 29 reported a significant effect of cumulative job strain on increased ambulatory blood pressure over 3 years among 195 men. An additional assessment of job strain exposure made before participants entered the study revealed that ambulatory systolic blood pressure levels were 5 to 8 mm Hg higher among men who had been employed for 25 years or more and had been exposed to job strain for 50% of their working lives than among men without past exposure. 37 The larger increases observed by Schnall et al. may have been because of their use of ambulatory blood pressure measurements. Thus, the effects observed in previous longitudinal studies were most consistent with respect to systolic blood pressure, as were the effects observed in previous cross-sectional studies. 58 In our study, the systolic blood pressure increases found among men were modest but generally statistically significant, as were the risk ratios for large blood pressure increases. These effects were similar in magnitude to those associated with sedentary behavior and age, known blood pressure risk factors. In addition, similar effects-a blood pressure increment of 2.4 mm Hg (95% CI = −2.2, 7.1) and a risk ratio of 1.48 (95% CI = 0.74, 2.95)-were observed among the 830 men with higher baseline blood pressure levels (130 or above; mean = 138/83 mm Hg, SD = 7/10 mm Hg). Larger increases might presumably be found over individuals' entire working life and may be associated with longterm risk of cardiovascular disease, consistent with the greater effect of life course exposure to job strain on blood pressure (5-8 mm Hg) found by Landsbergis et al.
 RESEARCH AND PRACTICE 
In addition, previous studies have shown that preventive population-based approaches to reducing systolic blood pressure by 2 mm Hg are likely to decrease risks of coronary heart disease and stroke by 7% and 10%, respectively. 59, 60 Such minor changes in blood pressure may thus prevent large numbers of premature deaths and disabling strokes. 59 Finally, there is no threshold (at least down to 115/75) below which decreasing blood pressure is not beneficial. 61 Several studies suggest that psychosocial factors (chronic, episodic, or acute) may influence the pathophysiological mechanisms of blood pressure increases, including activation of the autonomic nervous system and increased cardiac output. 62, 63 The effect of cumulative stressors on blood pressure may be because of the cumulative effect of multiple exposures of varying duration. 64 The larger effects of job strain found among workers with low levels of social support at the workplace are consistent with the iso-strain model (according to which job strain is an adverse psychosocial factor particularly in the case of those with low levels of social support at the workplace). 15, 18, 19 Furthermore, the significant interaction supports the hypothesis that reduced levels of social support enhance the effects of job strain on blood pressure. Here the overall pattern of effects tended to be similar among men and women, although magnitudes were lower among women. As was the case with men, a larger job strain effect was observed among women with low levels of social support at work. Less intense exposure because of different occupational trajectories or gender-based pathophysiological mechanisms 65 could explain these reduced effects among women. We found that men of high socioeconomic status showed effects of job strain on blood pressure that were similar to those exhibited by men of low socioeconomic status (data not shown). This result is inconsistent with that of Landsbergis et al., 66 who observed effects only among men of low socioeconomic status. The wider occupational status range included in the Landsbergis et al. study may explain this difference. The hypothesis that decision latitude alone is associated with higher blood pressure levels 67 was not supported by this study. The effects of cumulative low decision latitude on blood pressure were weaker than those of cumulative job strain (data not shown). Furthermore, adjustment for cumulative decision latitude did not lower the effect of cumulative job strain on blood pressure (data not shown). We used another cutoff in the job strain definition (tertiles) and a continuous method (ratio of scales) to verify whether other formulations would have involved lower misclassification rates. 19 We obtained inconsistent effects using tertiles but consistent effects using the continuous method (data not shown), probably reflecting the added complexity of alternate formulations in attempts to classify exposure at 2 time points. Thus, we selected the quadrant method. 58 Baseline exposure and the 5-item psychological demand scale 46 generated consistent results (data not shown). Although this finding supports our measure, it does not rule out a nondifferential misclassification bias that probably generated an underestimation of the true effect. 68, 69 Our study involved some limitations. Blood pressure measures were based on a limited number of determinations, as is true of most large epidemiological studies. Risk ratios based on a single measurement are underestimates because of regression dilution bias. 4 Thus, risk ratios for blood pressure increases would probably have been higher had the study involved multiple measurements, namely measurements involving ambulatory devices. Also, the study population was composed of white-collar workers, and thus, the results may not generalize to other populations. However, exposure variability values (mean = 23.1, SD = 3.5, for psychological demands and mean = 70.3, SD = 10.7, for decision latitude; percentage exposed: 20.7) were similar to those of the general working population (mean = 23.9, SD = 3.8, for psychological demands and mean = 72.7, SD = 11.8, for decision latitude; percentage exposed: 21.9), 50 supporting internal validity.
Other limitations included misclassification of exposure owing to dichotomized psychological demand and decision latitude scales, inclusion of intermediate exposures (active and passive) 70 for the unexposed group, and repetition of exposure misclassification at 2 time points in the cumulative assessment. Another source of nondifferential information bias could have led to an underestimation of the true effect; that is, classifying exposure according to 2 time points does not take into account the fact that workers may have temporarily changed in terms of exposure between these 2 points. No information was available on job strain stability over the 7-year period. This study also had many strengths, including being the longest and largest prospective cohort investigation, to our knowledge, to evaluate the effects of job strain on blood pressure. It enabled assessment of the effects of cumulative exposure, and the cohort involved a large proportion of women. Moreover, participation and tracking rates were high, limiting the possibility of selection bias. 69 The comparison between workers included and excluded from the analyses revealed similarities with respect to exposure and outcome variables, further minimizing the possibility of selection bias. 68 Residual confounding was improbable given that a large number of factors, including behavioral factors, and changes in these factors over follow-up were controlled for in the analyses. Missing values were imputed for workers with missing data on 2 or fewer items on a given scale. Reanalyses of the data excluding these workers generated results similar to those described here (data not shown). Adjustment for baseline blood pressure ruled out potential effects of baseline differences in blood pressure between exposure subgroups. 55 Only preplanned comparisons were tested, limiting the potential impact of multiple comparisons. Finally, robustness was supported by similar results (data not shown) obtained in reanalyses that (1) included workers treated for hypertension detected at baseline, (2) excluded workers with cardiovascular disease at follow-up, and (3) excluded workers unemployed or retired at follow-up. We found that cumulative exposure to job strain resulted in significant increases in systolic blood pressure among male white-collar workers, especially those with low levels of social support at work. Similar blood pressure effects were found among workers who became exposed during follow-up. Effect magnitudes were similar to those observed for age and sedentary behavior. Among women, the pattern of effects tended to be similar, although magnitudes were smaller. These results suggest that primary interventions aimed at reducing job strain may have significant effects on blood pressure.
